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Engineering  Experiment  Station 


COSTS  OF  PRODVCING  POWER  IN  IOWA 
ITH  IOWA  COA! 


By 
H.  W.  Wagner 


AMES.  IOWA 


PURPOSE  OF  THE  STATION 

'T^HE  purpose  of  the  Engineering  Ex- 
■*■  periment  Station  is,  first,  to  afford 
a  service  for  the  other  industries  of 
Iowa,  similiar  to  that  afforded  by  the 
Agricultural  Experiment  Station  to  the 
agricultural  industries;  second,  to  assist 
the  urban  population  of  the  state  in 
solving  the  technical  problems  of  urban 
life ;  third,  to  solve  the  purely  engineer- 
ing problems  of  the  agricultural  popula- 
tion and  industries  of  the  state. 
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The  conditio! 
numbei  o!  houi  •  the  plant 

;  oi  o  >al,     1 1  upon  I h<  in 

neai ly  all  item  ■  ol  i  im  h  go  to  m 

brake  hor  e  power  hour  and  the  kilowatt  hour. 

The   t)  pes  of  equipmi  >r   the   different 

Table  I  en  to  i  at  nol  so  much  the  i  cal 

types  foi  ize  of  plant  as  the  most  practicable  of  tl 

in  common  use  in  the  Btate.     Tl 

is   listed  on  page  13.      I  ible    III    and   atl  the 

Bizea  and  types  actually  found  op< 

No  attempt  has  been  made  to  estimate  <>r  calculate 
of  electric  power  delivered  to  customei        That  would  involve 
the  cost    and   upkeep  of  transmission   lines,   m-  The 

initial    cost    as   given    includes    nothing   outside    t:  wet   plant, 

proper. 

The  text  and  data  in  this  bulletin  hs  n  worked  out  under 

the  direction  of  \\ .  II.  Meeker,  Mechanical  Engineer,  and  F.  A. 
Fish,   Electrical  Engineer,  both  of  the  Engii  riment 

Station. 

tBBREVIATIOl  ED    ON    TABLES     \NI>    CURV1 

Ave avera . 

B.  11.  P brake   horse   power 

B.  T.  L British    thermal    units 

Da day 

II.  P horse  power 

I  Ir hour 

1 .  11.  P indicated   horse  power 

K.  W kilowatt 

Lb ...  pound 

I  .  F load  factor 

Op opera' 

SwJ  B'd switch    board 

\  r year 

14'  j  on  I.  Cost  1 V  j      on     initial     cost     of     plant 
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I'm  i :     in  how     i  310   I  3100 

2  I  ;  K7oO 

Initial  ludc  duplicate 

and  one  reserve  boiler  in  addition  to  th<  red 

load. 

"'Tin-  (  building  for  the  horizontal  ei  and  turbii 

taken  at  II  50  |  ei      luare  foot.  This  i 

the  c«>st  of  a  Bteel  frame  building  having  brick  walls  and  a  fire- 
proof roof .  The  price  of  land  S0.50  pei  mare 
foot." 

Where  condensers  arc  not  used  it  i  imed  that  feed  water 

is    taken    from    the    heater   at    a    temperature   of    190   deg  in 

the  ca>e  of  condensing  engines  it   is  taken  at   160  ,  and 

whi  nomizers  are  used,  it  is  \L-d  into  the  boiler  at  281 

"When  the  plant   is  used  only  ten  hours  per  day,  310  days 
per  year,  coal  is  required  for  banking  tires  and  gettii  ;t'm 

before  the  ten-hour    period  that   the  plant   is  in 
allowance  of  5  pounds  of  coal   per  boiler  horse  power  per  da*, 
allowed   for  this  pur; 

The  load  factor  was  taken  at  100%:  i.  e.,  the  plants  are 
timed  to  run  at  full  load  during  the  time  of  operation. 
In  the  original  thesis  from  three  to  six  types  of  engines  were 
given  tor  each  size  of  plant.  In  the  following  but  one  tv: 
chosen  for  each  plant  of  a  given  rated  capacity;  a  different  type 
was  chosen  for  each  different  size  of  station,  while  at  the  same 
time  an  effort  was  made  to  choose  that  one  which  was  the  most 
typical   ot    those    producing   power   most   cheaply. 

In  order  to  tit  Iowa  conditions  the  following  additions  and  modi- 
fications were  made  before  arriving  at  the  final  figur 

Cost  and  Heating   Value  of  Fuels: 

First  case:  S3. 00  per  2,000  lbs,  delivered,  for  coal  with  a 
heat  value  of   11,000  B.  T.  U.,  per  pound,  moist. 

Second  case:  |2.00  per  2,000  lbs.,  delivered,  for  coal  with 
a  heat  value  of  9,000  B.  T.  U.,  per  pound,  moist. 
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whtD  the  plant  ii  under  loa 

( )ii  and  '  tendat  1  to  be  tl 

for  the  whole  plant   at   all  load  t 

are  j  I  to  take  a  great  al  at  tl  load 

factors   than    the   turbin< 

rapidly.     The   al  referring   to   the-   variou 

at  different  load  factors  were  1  from  a  itudy  of  the  * 

and  data  from  different   authority 

The  figures  given  above  as  well  a  I  il  le  1  describing 

the  conditio  nsidered  arc  to  represent  first-class  operation. 

I      al  conditions  van    a  great   deal. 

By  comparing  actual  local  conditions  with  th- 
closer  estimate  can  usually  be  made  for  any  specific  case.     1    i 
instance,  in  some  plants  the  exhaust  from  non-com':  gines 

may  be  used  for  steam  heating,  the  revenue  from  which  will  effect 
a  lower  cost  of  power.  In  other  cases  where  the  load  fact 
low,  the  cost  of  attendance  may  be  cut  down  if  the  firemen  can 
be  used  for  other  work  during  the  period  of  low  power  demand. 
The  price  of  coal  delivered  in  the  furnace  room  depends  la:. 
upon  railroad  facilities  and  varies  much  at  different  points. 
Poor  firing  or  defective  equipment  adds  greatly  to  the  cost  of 
producing  power.     This   matter  is  discussed  further  on  page   13. 

The  costs  per  kilowatt  hour  were  figured  from  the  costs  per 
brake  horse  power  hour  by  adding  to  the  total  yearly  expense 
on  account  of  the  added  electrical  machinery  and  by  taking  into 
account  the  different  efficiencies  of  the  electrical  generators  at 
the  different  load  factors.  From  Mr.  Wilson's  tables  initial 
costs  of  electrical  generators  were  obtained  and  in  the  average 
case  the  fixed  charges  on  these  figure  out  to  add  about  8%  to  the 
total  yearly  expense.  The  following  table  of  electric  generator 
efficiencies  was  made  up  from  a  study  of  tests  and  from  data  of 
different    authorities 

Load  factor 1  60%      . 

Op.  by  100  and  200  H.  P.  Engines...    85     ',      80        75 

Op.  by  400  and  000  II.  P.  Engines..  .    87  •'»'  j      83'  \      7«.»'  j      7-7  | 

Op.  by  1,200  and  2,000 H.  P.  Engines  90     %     87%     te\  j      80cc 
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All  i  n  in  dolla 

hoil  W  hi<  li  arc  given  in  cents. 

Item  ed   ind 

•li  u  hicfa  the  j  earl]  ed. 

1 1<  ial  number  a: 

«.i  .  in<  luding  "ix  ind  boiler  in 

li  plant .     1 1  may  be  noted  t hat  I  the  ra* 

hoi  w  m  hen  comj 

power.      I  (plained  by   the  fact   that  the  larger  eng 

require  i  hour. 

Item  6  gives   the  estimated  brake  hoi  of  the  plant 

which   represents   the  actual   mechanical  hoi  delivered 

b)    the  fly   wheel   to  engine  bell    at   full   rated  capac 

Item   7  includes  th<  gine  room  and  every  thing  in 

it    except    the  electrical   machinery. 

[terns   7-K>   give   the   *  rated   indicated   horse 

Item  '.I  includes  the  *ack,  boiler  room  and  everything 

in   the  boiler   room. 

Items   11-1  1  give  the  year  -  per  rated  indicated  h 

power. 

hem  10  includes  the  entire  cost  of  plant  per  rated  indicated 
horse    power    exclusive    ol    the    electrical    machinery. 

The  electrical  machinery  is  not  considered  before  item  17 
because  the  object  is  first  to  arrive  at  a  cost  of  purely  mechanical 
power. 

Item  17  gives  the  pounds  of  water  evaporated  per  pound  of 
moist  fuel.  These  amounts  vary  with  constant  boiler  efficiency 
because  of  the  different  temperatures  at  which  the  water  is  fed 
to    the   boiler. 

The  c  r  indicated  horse  power  year  and  per  brake  horse 

power  year  are  based  upon  the  rated  indicated  horse  power 
and  brake  horse  power  respectively,  and  not  upon  the  power 
actually   developed   at   the  various   load   factors  below   100' 

The  per  brake  horse  power  hour  and  per    kilowatt  hour 

are  based  upon  the  power  actually  delivered  to  the  belt  and  to 
the   switch    board    respectively. 
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cffii  I 

multi] 

of  <  I 

coal  cost   i 

00         Lift 

1 ,33  '  6  I  555,   '  •         I  .  under 

the-  conditions  of  th  mple  the  total 

v  ,    •:    •  e  i ban  the  estimafc 

\  $17.60       7.V  -7  32  r  rated 

indicated  horse  pov.  tr. 

In    the   above  equation,   S17.'1  mated   coal  cost   per 

rated  indicated  I  ower  j  100     load  factor  and  77 

the  percei  >f  coal  required  a  load  factor. 

Total  cost  added  per  rated   I.   11.  P.    .ear...  ^7 

Total  com  >a\  l) 

Net  cosl  added  '•  "  $6.83 

Estimated  total  cost  per  rated  I.  II.  P.  vear  at  .")()' ,'  load  factor, 
with  13.00  coal  :     >:;i .: 

$34.55    r  16.83        141.38,   total  cost  per  rated  I.  H.  P.  yea- 
this    example. 

141.38  -:-  v-ll  55  =   L.19,  ratio  of  total  cost 

1.19  x  2.62         stimated)    =   S.lSci  calculated  cost  per  actual 
B.  H.  P.  hour  for  this  particular  plant. 

1.19  x  4.77c  (estimated)  =  calculated  cost  per  K.  \Y.  hour 

for  this  particular  plant. 
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Plant   No.   I 

1  Simple  Engine,  80  II.  P 

2  Boil<  :  .  LOO  II.  P.  each. 
I      Aw  ater  heatei . 

No  resei  \  e  un 

Plant   No,  2 

1  High  Speed  Engine,  Simple,  LOO  II.  P. 

I  Boiler,  LOO  II.  P. 

Feed  \\ ater  heater. 

I  Reserve  Boiler,  LOO  II.  P. 

Plant     No.    :; 

1  Simple  Engine,  70  II.  P. 
1  Simple  Engine,  1">  II.  P. 
2lBoilers,  70  II.  P.  each. 
\t  >  reserve  units. 

Plant   No.    1 

1  Corliss  Engine,  100  II.  P.  run  r>  bra.  per  day. 
1  Corliss  Engine,  20  II.  P.  run  lii  hrs.  per  d 
1  Boiler,  60  H.  P. 

1  Boiler,  20  11.  P. 
Feed  water  heater. 
No  reserve  Units. 

Plant   No,  •") 

1  Compound  Engine,  150  II.  P.,  run  from  3:00  A.  M.  t      12:00 

midnight,  and  from  5:00  A.  M.  to  10:00  A.  M.,  making  14  hours 
of  service  per  day  for  engine. 

1  Boiler,  200  H.  P.,  fire  kept  banked  while  engine  was  not  running. 
1  Reserve  Engine,  75  H.  P. 

Storage  Battery  used  as  auxiliary  to  provide  24-hour  service. 
With  the  same  boiler  efficiency  a  lower  priced  steam  coal  would 
have  reduced  the  K.  W.  Hr.  cost  from  6.15  cents  to  5.2  cents. 

Plant  Xo.  6 

1  Simple  Corliss  Engine,  165  II.  P. 

2  Boilers,  100  H.  P.  each. 
Feed  water  heater. 

No  Reserve  Units. 
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found  to  l»«-  con  iderabl)    belo*   the  ettima  But   if 

! he  fa<  toi  ba  ed  upon  the  actual  tal 

( lie*  k  quite  ( I"  idj    w i'li  'h<-  est ima  0      I  I 

opera  1 

to  produi i  On  1    !>!<• 

III    tl  which 

oi  the  plant  to  produce  not  rated  load  bul  th< 
at  .in\    time.     From  thi    then, 

load  facto  >r  t<  i  he  <  >ne  ba  »ed  on  t !  ad  of  * 

da) .     The  follow  ing  com; 

The  est  imated  i  me  i  wo  methods  of 

gards  hours  operated  per  The  firsi  10  hou 

day,  310  days  pei  year.     The  second  a  24  •. 

365  days  per  year.     The  first  is  of  valui  l  of 

power  lor  factories  operating  only  10  hou-  and  i\  da 

per  week.     The  second  is  of  value  in  getting  at    the        I      I   all 
classes  of  power  supplied  every  hour  oi  thi  lectric 

centra]  stations  operate  every  day  of  the-  year,  although  mat 
run  less  than  21  hours  per  day.     Referring  I      I  able  III   it  will 
be  noticed  that  for  the-   plant  1  the  .•■■  number  of 

hours  operated  per  day  is   1 8. 

The  following  is  a  comparison  between  the  aver    |  the  actual 

tests  and  the  figures  of  the  nearest  cor:  imated  ca 

Actual  imated 

1  l<  uiis  per  \  ear « » -~>  T  *  I  s7' 

I.  H.  P.  of  Plant 230  5  200 

Total  Cost  per  I.  II.   P S   ?.")   50  91    12 

Fixed  Charges  per  I.  H.  P.  Vr s   in  .  12.75 

Operating  Cost  per  I.  H.  P.  Vr S  28.. 50  66     - 

Total  Cost  per  I.  H.  P.  Vr $  38   55  79  07 

Cost  of  Coal  per  2,000  lbs s     2  :i>.  2  00 

B.  T.  U.  per  Lb.  Moist  Coal 10,150  9,000 

Load  Factor 189  50 

Average  Brake  H.  P.  Developed 61.8  85.0 

Cost  per  Brake  H.  P.  Hr.,  Cents 2   58  2    13 

Average  K.  W.  Developed 37  47.5 

Cost  per  Kilowatt  Hr..  Cents 4.62  4.08 

The  greatest  difference  in  the  above  comparison  is  with  the 
operating  expenses  per  rated  horse  power  year.  It  is  much  lower 
in  the  "actual"  column  than  in  the  "estimated"  column  because 
in  the  first  case  the  plant  is  so  operated  as  to  produce  a  maximum 
load  of  only  about  two-thirds  the  rated  load,  while  in  the  second 
case  the  plant  is  so  operated  as  to  produce  the  full  rated  load  at 
any  time.  Also  in  the  first  column,  the  time  operated  is  but  75 
of  that  in  the  second. 
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